Background: The high pretreatment plasma fibrinogen has been widely reported to be a possible biomarker for predicting prognosis in hepatocellular carcinoma (HCC) and pancreatic carcinoma (PC), but persuasive conclusion has not been made yet. Thus, we herein conducted a meta-analysis to comprehensively assess the prognostic value of high pretreatment plasma fibrinogen in patients with HCC and PC.
Introduction
Hepatocellular carcinoma (HCC) and pancreatic carcinoma (PC) are common malignancies in China. HCC and PC are the major causes of cancer-related death worldwide and despondently patients with PC just have a 5-year survival less than 8%. [1, 2] Radical surgery is the most effective therapy for HCC and PC, but postoperative recurrence or metastatic disease are barriers to prolonged survival. Despite the great advancement made in the diagnosis and treatment of cancer in the past decades, Patients with HCC and PC still have unfavorable prognosis. Up to now, many serum biomarkers, such as a-fetoprotein (AFP) and (carbohydrate antigen 19-9) CA19-9, have been used to predict the survival of HCC and PC patents. However, due to limited sensitivity and specificity, these markers are not entirely reliable. Thus, more effective markers for predicting the biological characteristics and guiding individualized comprehensive treatments are urgently needed.
Plasma fibrinogen is an acute-phase soluble glycoprotein, and is a glycoprotein synthesized by liver epithelium via stimulation of interleukin (IL)-6 and IL-1b. [3] [4] [5] Fibrinogen is a 350-kDa glycoprotein that comprises 2 sets of 3 different polypeptide chains, a, b, and c, and plays a major role in blood clotting and circulation via its interaction with platelets. Fibrinogen is widely known for its association with the maintenance of hemostatic function, but recent substantial evidence indicates that plasma fibrinogen also plays critical roles in tumor progression. [6] [7] [8] [9] Recently, several studies showed that hyperfibrinogenemia is prevalent in patients with HCC and PC and is closely associated with metastasis, resistance to chemo-radiotherapy, disease progression, and poor prognosis. [10] [11] [12] Moreover, many studies have also tried to explore the potential mechanisms for the association between high plasm fibrinogen and poor survival in cancers. For instance, it was suggested that fibrinogen could contribute to tumor cell invasion and proliferation, angiogenesis and epithelial-tomesenchymal transition. [13] [14] [15] However, a large part of clinical studies were performed with small sample size, the statistical power of which was not strong enough to draw a persuasive conclusion regarding the prognostic significance of high plasm fibrinogen in HCC and PC patients. Up to now, there is no meta-analysis specifically focusing on investigating the prognostic value of plasma fibrinogen in patients with HCC and PC. Therefore, in order to provide more reliable evidence for the independently prognostic value of plasma fibrinogen in patients with HCC and PC, we herein performed a systematic review and a meta-analysis of relevant studies exploring the relationship between plasma fibrinogen and prognosis of patients with HCC and PC.
Materials and methods

Ethics and dissemination
Ethical approval and informed consent are not required, as the study will be a literature review and will not involve direct contact with patients or alterations to patient care.
Literature search strategy and selection criteria
We performed the systematic search by retrieving PubMed, EMBASE, and Web of Science for eligible studies assessing prognostic value of pretreatment plasma fibrinogen in HCC and pancreatic cancer from inception to November, 10, 2017. The combination of the following terms: ("pancreatic" OR "hepatocellular" OR liver), (cancer OR tumor OR carcinoma OR malignant or malignancy), (prognosis OR prognostic OR survival OR outcome), and ("fibrinogen OR fibrinogenemia") generated the search strategy.
The selection of all the included studies was finished according to the following criteria: perspective or retrospective cohort study; the studies assessed the link between pretreatment fibrinogen and prognosis in HCC or pancreatic cancer; the articles with full text were published in English; hazard ratio (HR) with its 95% confidence interval (CI) or survival curve were available. Moreover, the following criteria were used to exclude unqualified studies: case reports, reviews, comments, and systematic review; studies about non-digestive system tumors; patients were not divided into 2 groups of low fibrinogen group and high fibrinogen group; no adequate data could be extracted to estimate the HR and 95% CI.
Data extraction and quality assessment
Data were extracted by 2 independent researchers (RJ and QR) through reviewing full texts of all the eligible studies. Another independent researcher (Yongning Zhou) would join in the discussion to reconcile inconsistencies. The following information was obtained: the first author's name, publication date, region of study, study design, study period, type of cancer, tumor stage, clinical setting, the number of patients, a mean age of patients, treatment methods, cut-off of fibrinogen, and outcome measures. If the HRs for survival outcomes were not provided directly, the Engauge Digitizer version 4.1 (http://digitizer. sourceforge.net/, freely down-loaded software) was used to calculate the survival data from the Kaplan-Meier curves.
The quality assessment of all the included studies was performed by 2 independent researchers (SB and YW) according to Newcastle-Ottawa Scale (NOS), in which aspects regarding selection, comparability and outcome were assessed. [16] The scores obtained from NOS varied from 0 to 9 and a score of 6 or more is defined as high quality.
Statistical analysis
The statistical analyses of this review were fulfilled by means of Stata version 12.0 (Stata Corporation, College Station, TX). Pooled HRs with 95% CIs were used to estimate the quantitative aggregation of survival results. The heterogeneity across studies was assessed using the Cochran's Q and Higgins I 2 statistics. The occurrence of P < .05 and I 2 > 50% indicates a significant heterogeneity, while I 2 < 50% means no heterogeneity or moderate heterogeneity. Random effects model was applied when statistical heterogeneity was observed (P < .05, I
2 > 50%). HR > 1(low fibrinogen used as reference) stands for higher risk of poor outcomes for high fibrinogen, and it was proposed to be statistically significant if the 95% CI did not contains 1 and P value is less than .05. Sensitivity analysis was performed by sequentially omitting single study step by step. If the pooled results do not significantly alter when single study is omitted, it suggests the pooled results are robust.
Results
Study search and study characteristics
In all, 297 articles were identified based on search strategy, with 76 from PubMed, 130 from EMBASE, and 91 from Web of Science. After duplicate publications were removed and the remaining abstracts and full-texts of the references were meticulously reviewed, 12 publications [11, 12, [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] with 13 studies were finally identified to be eligible for the pooled analysis of the prognostic value of plasma fibrinogen in HCC and PC. The search strategy and selection process were shown in Figure 1 .
The basic characteristics of the included studies are summarized in Table 1 . [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] A total of 5 publications with 6 studies were about PC and 7 studies were about HCC. A total of 11 studies were from China, and 2 studies were from in Japan. The accrual period of 13 studies ranged from 2000 to 2014, and the number of participants ranged from 41 to 539. All of the included studies were retrospectively designed. The cut-off values of high plasm fibrinogen varied from 2.345 to 4.0 g/L. In regard to the outcomes of interest, all of eligible studies have investigated the relationship between high plasm fibrinogen and overall survival (OS), and 5 studies analyzed the association between disease-free survival (DFS) and high plasm fibrinogen in HCC. The scores of the eligible studies from the NOS ranged from 6 to 7, indicating that the included studies was moderate to high quality (Table 2) .
3.2. Prognostic value of high plasm fibrinogen in HCC 3.2.1. High plasm fibrinogen and OS in HCC. All of the included 7 studies investigated the relationship between high plasm fibrinogen and OS in HCC. The pooled analysis indicated that a high plasm fibrinogen was significantly related to worse OS in HCC (HR = 1.87; 95% CI: 1.55-2.24; P < .01) (Fig. 2) .
Although no significant heterogeneity was observed (I 2 = 19.5%, P = .281) among those studies about OS, the subgroup analyses by country, sample size, cut-off value, treatment method, started time, and metastasis status were performed to test the robustness of our pooled result. From the results of subgroup analysis, we observed that there were significant associations between high fibrinogen level and poor OS in China (HR = 1. 08; 95% CI: 1.48-2.18; P < .001) ( Table 3) . Additionally, the relationship of high fibrinogen level to OS was also significant in sample size (>180 or 180) (HR = 1.74; 95% CI: 1.42-2.13; P < .001 or HR = 2.54; 95% CI: 1.67-3.86; P < .001) Ji et al. (Table 3) . However, no significant relationship was found in the subgroup of cut-off value≥ 4 g/L. Anyway, the results of subgroup analyses indicated that the pooled HR for OS was stable and reliable.
High plasm fibrinogen and DFS in HCC.
Only 3 studies explored the association between high plasm fibrinogen and DFS in HCC. The pooled result showed that there was an inverse correlation between high plasm fibrinogen and DFS (HR = 2.45; 95% CI: 1.71-3.49; P < .01) (Fig. 3 ).
3.3. Prognostic value of high plasm fibrinogen in PC 3.3.1. High plasm fibrinogen and OS in PC. A total of 5 included publications with 6 studies investigated the relationship between high plasm fibrinogen and OS in PC. A random-effect model was conducted to calculate HR and 95% CI due to the severe heterogeneity (I 2 = 75.5%, P = .001) among those studies. The pooled result indicated that high plasm fibrinogen was significantly related to worse OS in PC (HR = 1.56; 95% CI: 1.13-2.15; P < .01) (Fig. 4) .
Due to substantial heterogeneity, we performed subgroup analyses by country, sample size, cut-off value, treatment Table 1 The main characteristics of the included studies. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . method, started time, and metastasis status to explore the potential sources of heterogeneity. From the results of subgroup analysis, we observed a significant association between high plasm fibrinogen and worse OS in country (China) (HR = 1. 50; 95% CI: 1.04-2.15; P = .029) (Table 4) . Additionally, the relationship between high plasm fibrinogen and unfavorable OS was significant in the subgroups of sample size (>180) (HR = 2.14; 95% CI: 1.65-2.78; P < .001) ( (Table 4) , and no metastasis (HR = 1.80; 95% CI: 1.28-2.54; P = .001) (Table 4) . Nevertheless, there were no substantial associations between high plasm fibrinogen and worse OS in the subgroups of cut-off value <3.5 g/L, mixed treatment and mixed metastasis status. With respect to heterogeneity, only in the subgroup of treatment no significant heterogeneity remained, which indicated that treatment might partly account for the heterogeneity of pooled HR for OS in patients with PC. In general, our subgroup analyses indicated that those factors might not be responsible for the sources of the heterogeneity, except for treatment method, and meanwhile verified the robustness of the pooled HR for OS in patients with PC.
Sensitivity analysis
In order to further verify the robustness of the pooled HR for OS in HCC and PC, sensitivity analyses were conducted to assess the influence of each individual study on the pooled HRs for OS by omitting single study in each step. The results showed that the pooled HRs for of the association between high plasm fibrinogen and OS of patients with HCC ( Fig. 5) and PC (Fig. 6 ) did not alter substantially, when any individual study was omitted, implying that the pooled results of our meta-analysis are robust.
Discussion
Numerous studies have suggested that high plasma fibrinogen was closely correlated with poor prognosis of patients with various cancers. [6, 27, 28] In addition, the prognostic role of plasma fibrinogen in patients with solid tumors has been previously confirmed by meta-analyses. [29] However, till now, no specific meta-analysis had been conducted to assess the potential of plasma fibrinogen as a prognostic biomarker in HCC and PC. Therefore, we performed a systematic review and meta-analysis to validate the notion that elevated plasma fibrinogen predicts poor oncological outcomes.
In our meta-analysis, a total of 12 publications with 13 studies investigating the association between plasma fibrinogen and the prognosis of patients with HCC or PC were included. The data on OS and DFS of individual studies were pooled into statistical analysis. Overall, our meta-analysis validated that high plasma fibrinogen is a predictor of worse OS and DFS in patients with HCC and PC. Additionally, in general, our subgroup analyses and sensitivity analyses demonstrated the robustness of the pooled results of OS and DFS in patients with HCC and PC. However, in the subgroup analysis by cut-off values, a significant association between high plasm fibrinogen and worse OS in HCC was only observed in the subgroups of cut-off value < 4.0 g/L, but not in subgroup of cut-off value ≥ 4.0 g/L. There is a possible explanation for this inconsistency. Fibrinogen is a kind of protein Table 2 The NOS quality assessment of the included studies. Ji et al. 97: 25 Medicine produced by liver and its production will be reduced when liver dysfunction occurs. Usually, most of patients with HCC have chronic liver diseases and hepatic function abnormality, and hence their plasm fibrinogen may be at a relatively low level compared with those patients with normal liver function. Thus, using a low cut-off value of high plasm fibrinogen in HCC patients may be more sensitive to stratify patients with relatively high plasm fibrinogen and low plasm fibrinogen, under which condition the potentially prognostic values of high plasm fibrinogen in HCC could be truly reflected. On contrast, there was an obvious relationship between high plasm fibrinogen and worse OS in PC in the subgroup of high cut-off value but not in low cut-off value. Therefore, we speculated that it may be more reasonable to use the high cut-off value in PC and low cut-off value in HCC, when assessing the prognostic values of high plasm fibrinogen. Several potential mechanisms accounting for the link between high plasma fibrinogen and tumor progression have been explored. Firstly, high plasma fibrinogen may be associated with increased fibrinogen deposits in tumor tissue and serves as an extracellular matrix for tumor cell adhesion or migration, which contribute to tumor metastasis [30] and invasion. [31] Secondly, chronic inflammatory responses plays critical roles in tumor development and progression. In particular, there is a close relationship between fibrinogen and systemic inflammation. A direct evidence for this association is that plasma fibrinogen level is positively related to many inflammatory indices, such as neutrophil-lymphocyte ratio, platelets-lymphocyte ratio, and lymphocyte-monocyte ratio. [19] Besides, it was reported that systemic inflammation could promote fibrinogen release, [32] and fibrinogen could induce the synthesis of interleukin-6 (IL-6). [33] A body of evidence supports that IL-6 is closely associated with tumor progression. [34] Therefore, high plasma fibrinogen induced by chronic inflammation may facilitate tumor progression by inducing IL-6 synthesis. Consistently, fibrinogen-dependent inflammatory response has been reported to be involved in tumor initiation and progression, indicating that high plasm fibrinogen may reflect an active inflammatory tumor microenvi- Ji et al. 97: 25 Medicine ronment in favor of the progression of inflammation-related cancers. [15] At last but not least, it has been demonstrated that fibrinogen was capable of binding to several growth factors and vascular endothelial cell growth factors and functions as a reservoir for these factors. More importantly, these growth factors play important roles in promoting cell proliferation, metastasis and angiogenesis, and inhibiting apoptosis of cancer cells. [35] [36] [37] Certainly, our study had several significant limitations. Therefore, the results of this meta-analysis should be interpreted with caution. Firstly, the main limitation in this meta-analysis is that the cut-off values of high plasm fibrinogen were not consistent. In the perspective of statistical significance, this might introduce heterogeneity and bias to our pooled analysis. In addition, it made our meta-analysis fail to provide a precision guidance to clinical practice. Thus, in future more well-designed studies with large sample size are needed to solve this problem. Secondly, only English publications were included in this metaanalysis, which may introduce publication bias to some degree. Thirdly, the HRs and 95% CIs in a few of the included studies Table 4 Results of subgroup analysis of pooled HRs for OS of patients with high plasm fibrinogen in PC. were calculated from the survival curves, which were the statistical results of the univariate analysis. The univariate analysis does not take several potential confounding factors into account, which may cause heterogeneity and bias. Last but not least, the treatment methods varied among different studies, which might influence the survival outcomes and thus introduce heterogeneity into our meta-analysis.
In conclusion, our study indicated that the high plasma fibrinogen level predicted worse prognosis of patients with HCC and PC. Considering the aforementioned limitations, more highquality clinical studies are needed to be performed to confirm the prognostic value of plasma fibrinogen level in patients with HCC and PC. 
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